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OTHER APPLICATIONS OF SOMA
Wireless Communication Systems

• Commercial air-to-ground communication systems

• Cellular mobile communication systems

• Satellite communications

• Private/Public Land Mobile Radio (PLMRlSMR)
communication systems

• Wireless Local Area Networks (LANs)

• Wireless broadcast systems (e.g., HDTV, DAB)

• Surveillance systems

•••
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MAKING SOMA A REALITY
The Role of a Pioneer's Preference

f

• SOMA is a fundamentally new technology which can
significantly increase capacity and enhance quality. •

• SOMA will·be required to meet the rapidly growing
demand for wireless access.

• SOMA can allow next generation systems to coexist
.with incumbant users of RF frequency bands.

• SOMAs efficacy has been demonstrated theoretically
and experimentally.

• A Pioneer's Preference will enable SCI .to establish
SOMA In the wireless marketplace.

~1W. , ...



o



r---

EXHIBIT D



.

SDMA-EXP-93-001

Dr~
~~&

....,,;:;::::~:\t~255 Scott Blvd., Bldg. 4
{f:::·:·:~~t;sinta. Clara., CA 95054-3013
::::t,,:;::it: TEL: (408) 982-9080

FAX: (408) 982-9082

SOMA Technolog~,

Ex~~=~~~:~~~I~~1:~1:":
Call Sign: KS2XAG:\:.::.;:;::.:~::::·Tr(:

13 September 199~::::::::: .
.;:::;:::~::::::::..

·:::~~!;:;:::::::i;:;::::.

This is document 17 of 20.



SOMA Technolq~$
".'::::

Experimental ReJ~:*,fr
File Number: S-1193·6.X~93...·

Call Sign: KS2xA':::.:::;J:~/ ..:,:\?
';<·::::~\t;·

Dr,~~
ArrafCqmm, Inc.

3255::::$f:9.tt Blvd., Bldg. 4
Santi~iiiCl~a CA 95054-3013

·::Of::....;,:;:::::. '

··::::::·:··TeL· (408) 982-9080

,~~x; (408) 982-9082

13 September 1993



CONTENTS

1

1

2

3
3
4
4
6
7
7
9

11

18

17

16

14

4. Preliminary SDMA Experimentation
4.1 Objectives .
4.2 Experimental Apparatus .
4.3 Experimental Parameters.

::; ~?;~~;~=7~ng G';n ..,~~:~:
4.5.2 SDMA Spatial Demultiplexing/lntetf.~teRejection
4.5.3 SDMA Spatial Multiplexing/Dir~t1~:::Transmission .

::.::~~:"::~:"':" ..:::::::
..({

5. Summary and conclusionsAi:~::::::.:::::I::::::::·;:·:::·::·~::f:i::·

A. Summary of SDMA Video Prese....*.iiQ:.

B. Summary of Initial SDMA Exp~'i(~nt~
c. Distribution List

3. Background

2. Executive Summary

1. Introduction



i
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2. Executive Summary

This report is intended to document results of initial testing of ArrayComD;l's SOMA
(Spatial Division Multiple Access) technology performed under Special Temporary:A,llthority
(STA) granted by the FCC on 23 July 1993 (call sign KS2XAG). Theptri1>c>.se of these
tests was to perform system integration and debugging as well as prelim~A~ry-:low-power
demonstrations of the efficacy of SDMA technology.::,:'::'

SOMA system integration was completed and initial tests begun.: ah~::::6f schedule on
July 23. The initial tests have successfully demonstrated the ability'~LSDMA technology to
improve the quality and capacity of wireless communications sys~.ns lrifgeneral. Though the
tests results described herein were achieved using standard (A~~$)~alogcellular technol
ogy, SDMA can provide similar improvements for digital fort;L:it.~:::~::'.Y~ll, since the technology
is modulation independent. While the results may seem ipip~~i~e, more testing is required
before concrete conclusions with regard to particular applifli'a=ffs can be drawn.

The information contained in this report and th~:::#i~"::Htpe provided herewith are the
property of ArrayComm, Inc. Due to the highly c(mi'~five nature of the wireless commu
nication business, we hereby request the informC#ioIF::~iitainedin the body of this report
and the video tape be kept confidential. Al!:i:::~b~H;~ for general release is provided in
Appendix B.:ii::::···::::::(:::::.:···:::·

.:::t:i::t::~:::.:..::::::::}::·

This report describes the result,)bi::.i~tentexperimentation conducted by ArrayComm,
Inc., of its proprietary and paten;~:~.f:sn$JA technology. Using standard AMPS analog hand
sets and SDMA base station ~qirpfu~'nt constructed from standard components to Array
Comm's specifications, the eflt~tY· of SDMA technology has been demonstrated. In par
ticular, the following impqttilli"::'a.ttributes of ArrayComm's SDMA technology have been
successfully demonstr~:::::::::::::::)::l)

• SDMA signal.JUing gain, leading to improved signal quality, lower handset pow
ers, and l~~r.\f<;verageareas from SDMA base stations compared to conventional

base st:~:~?~~";.::::::::::::·':::::

• SDMA:::~~§.pitla.I. demultiplexing, leading to interference rejection and the ability to
rec~M~';i~als from multiple mobile units on the same frequency at the same time,

.:$Pit=::::~patial multiplexing, the ability to directionally and selectively transmit RF
eri'gy toward intended mobile units to the exclusion of others on the same frequency
at the same time, including users of other systems (e.g., microwave users in PCS
bands), and consequently

• SDMAs ability to simultaneously communicate with multiple mobile units on the same
frequency at the same time from the same base station, independent of modulation

1
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format, thus leading to a substantial improvement in spectral efficiency over current
systems.

The video presentation provided with the report documents each of these points. The
experiments conducted and shown during the course of the video demonstratioI).s are quite
possibly unique. Full-duplex communications between multiple mobile units.a.rid a single
base station on the same frequency at the same time have not been documEW,tE;danywhere
else known to date. While the ability to do so may be counterintuitive tq.nlOs,hit is most
assuredly possible. . . ..•••.• .

The applications of SDMA technology are numerous. In general, S~MA:~san enabling
technology which, through intelligent use of antenna arrays and sta.t1dara,:~ignal processing
components, substantially improves the quality, capacity, and. <$s1;':;:~ffedivenessof wire
less communication systems. As wireless becomes a predomi~hmO:de in the worldwide
communications market, the spectral efficiency provided by~:.§Q,.,,)technology will be in
ever-increasing demand. .....::::.:••::t:::}:,:.::<::,·::::··

For example, in the implementa.tion of next generatioI!:;:rG$r~i!tems,fixed-cost savings of
between 30% to 70% over non-SDMA implementations,::,~~:::.sible, not to mention the dra
matic reduction in recurring costs (maintenance). FuI'h.!tm~f~, SDMA technology provides
information to operators of such systems which a,Up:yf¥.,::'tw new services to be provided. In
particular, with knowledge of the user's location,:;::~ s~'bf.t~ntial number of valuable position
related services can be offered, including detegpiP'ihg:the origin of emergency calls, locating
stolen vechicles, and providing other informa§·w1Jsewvices such as the location of the nearest
gas station. ... ;;~:~::}::::;::.: ..:::;:::~~\~~~t:.

While the fundamental concepts behiag:;::$bMA technology have been demonstrated and
documented herein, a substantial amount ·6r:further experimentation remains. In the future.
longer range tests will be conducted, ati8:,::the effects of various RF propagation environments
characterized. .:d.::'\'\':::\:~::}·

3. Background

ArrayComm's SDItX:· ~Wology promises to improve spectral efficiency many-fold by
allowing multiple por..i~~6nobilewireless transceivers to occupy the same frequency simul
taneously, being di§:fR;P1Hiated on the basis of location by the base station. In a sense, this is
the ultimate in 4!9.H~ re-use; the ability not only to use the same frequency in adjacent
cells, but to r~J.K~:\~ iIt the same cell. By employing smart antennas, users are tracked,
allowing suq~~t:im' reductions in transmitted power from both the base stations and the
portable uni:t§.. (feduction of RF pollution), in addition to allowing for a completely new class
of posifi~,,:::;~l!ted services to be provided to the consumer. In addition, the problem of
coexist~Ur#::;·;ith incumbent microwave users which next generation PCS operators face can
be mitig~tedwith SDMA technology as indicated in the accompanying figures.

SDMA technology was developed by the principals of ArrayComm while they were affil
iated with Stanford University. ArrayComm is currently attempting to commercialize the
SDMA technology. Since ArrayComm's inception, Mr. Martin Cooper has spearhead the
commercialization effort as its chairman and CEO. Mr. Cooper headed Motorola's entry

2
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in to the cellular, two-way radio, and paging businesses during an illustrious career there.
He has been instrumental in introducing the technology to many of the domestic companies
currently involved in one way or another with wireless telecommunications.

Most of the major companies \vhich have been exposed to the technology have indicated
substantial interest in seeing the successful completion of our preliminary test phase. These
companies include Bell Atlantic, BellSouth, GTE Airfone, PageNet, PacTel, GT~MobileNet,
Ameritech, Southwestern Bell, Db Products, Mark Antennas, Watkins-JohnS9P:,~hdothers.
In particular, PacTel and the Bay Area Cellular Telephone Company (B~CtC)~ the local
non-wireline cellular carrier, are cooperating with ArrayComm during tlJ.es'e~ts.

4. Preliminary SDMA Experimentation:,

,

Objectives

This section describes. some of the preliminary tests of Aq:~'¢~'s SDMA technology
which have been conducted along with the results that q.,,!:~':~'.obtained to date. The
initial experimental objectives are discussed followed b,:::::Nit6V:e~view of the experimental
apparatus. \Vhile the results are described qualitatiy.elYlfait::the most part herein, a video
tape has been prepared and is included with the filidg~'::,}lr

..;;' :·~:~:t:::.. "':=?t>

:;·::::,.~.,.",.:".,:::::.::::.:::..·:..:·.::.!I!l!:::
-:;:;::~!:t~:::;

.;{~:::;.' ;.:;:;.;;....

During the initial phases of SDMA exp~Wi~i;ti~n, the basic objective is to demonstrate
the fundamental principles of SDMA tecAhqjgi·"tising standard communications equipment
and protocols. To that end, off-the-shelf XMJ-tS handsets are used and the system is tuned to
the appropriate US cellular frequenci~+:J'h~·objectiveof the initial tests is to demonstrate
the ability of SDMA technology to: ;;:i/::;;:::::::::::.

';;')\:-... ":::::::;:.,

4.1

1. track multiple users on t:b,~f~ channel in the same cell,

2. improve signal qUali~Y.:.::4::r:·~~ users simultaneously through directional reception,

3. directionally trpJ[;:::.Ji;:rent signals to each user simultaneously on the same fre
quency chann~J.·, th~by demonstrating the ability to

·:::t\t~::::::::{~}

4. increase SYs.~:~i4:.capacity.

Improved Sign~:::l~i;~~:;:is achieved through intelligent signal processing, and demonstrably
increases the.,::Qn~i\)ver which signals from mobile units can be successfully demodulated.
Improved ~p~~ity is a consequence of the ability to simultaneously receive from and transmit
to mulfJ,:p¥:tw6bile units on the same channel (in this case frequency), an ability similarly
achieved}iSfSugh intelligent signal processing. Both of these are achievable due to the fact
that the SbMA processor can track multiple cochannel units in real time.

3
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Initial SDMA experimentation employed the following equipment:

1. standard AMPS cellular telephones,

2. 20 dB pads for attenuating signals transmitted by the phones (to simulatE;,f9ttger-range
transmission), ...'\,

.' .. ' ..... :

3. antenna array built by Db Products to ArrayComm's specifications~·, .'..•..
".. ." '."

4. standard cellular transceivers built to ArrayComm's specific~tidPsby Watkins-
Johnson, ....

....::' ...::;::...

5. ArrayComm's SDMA processor for performing the int~ig~nt$i:gnalprocessing re
qUired,:\~t):(.(>-

......... ·;:::f::;-;.:·

6. an audio processing board for performing stand~9itjl.~.S·signal processing (SAT
tone filtering, emphasis, etc.) for multiple AMPS·;:i4#lrl'Ms,

7. a RF communications analyzer for call initia~:ol;:·:jjO""':":}:".

8. spectrum analyzers and portable receiver!::~~t~:\'~~:~singSDMA's directive transmis-
sion ability, and '::(0, .{

9. a network computing environmen~~ent control and data storage.

A block diagram of the basic syste~~;A~~[~:ihoWn in Figure 4-1. By employing standard
cellular duplexers behind each element iIi"":t~, antenna array, a single array could be used.
The transceivers were constructed wi.:~lt:pff-the-shelfRF components, and the interface to
the SDMA transmitters and receiy¢ti::::,~Iftployedstandard AID and DIA converters. The
receivers are tunable to any 200:lsl.tilf.i~quencyspan in the cellular uplink band (824 MHz
- 849 MHz) and similarly the ..:~!t~~itters are tunable to any 200 kHz frequency span in
the cellular downlink band (8fi~::MHz - 894 MHz). This bandwidth encompasses six (6)
contiguous 30 kHz AMPS9:i:iqp~ls and allows the SDMA prototype to perform frequency
hand-offs when users g:oss':~~:s.

The SDMA receivls ani. transmitters were built by ArrayComm. They were constructed
with standard digita!.!,:;ignti processing components; no special purpose DSP chips were re
quired. These boatd..::lb.!plement the spatial multiplexing and demultiplexing functions under
the control of th#:~$¥.lr.J4:'processor. The audio processing board was constructed using avail
able AMPS sijriat:,:9tocessing components and has the capability to simultaneously process
four (4) au9.~o':::~\~nels. The SDMA processor consists of a standard single-board computer
(SBC):Jm.:.VJfiifh .much of the intelligent (proprietary) signal processing is performed. The
operatdt:;Ip.:~aceto the SBC is through an ethernet link to a workstation network not shown
in FigurJii-l.

4.3 Experimental Parameters

The relevant parameters of the initial SDMA tests are summarized in Table 4-1.

4
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SOMA EXPERIMENTAL APPARATUS
Standard Cellular Phones

-I
•

Antenna Array (a-Elements)

RF Transceivers

HeadsetslSpeakerlTape Decks

Figure 4-1: Block Diagram of ArrayComm's SDMA Prototype System

5
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Summar of SDMA Protot e Ex erimental Parameters
Frequency Bands 824 - 8491t;[Hz

869 - 894 MHz

SOMA-EXP-93-001

Initial Frequencies

Channel Width

Modulation

Portable Units
Tx Power

SDMA Base Station
ERP
Antenna Height

825.09,825.24 MHz
870.09,870.24 MHz

30 kHz IS-3 AMPS

IS-3 AMPS FM

8dBm

-8dBm
3.3 m above local tett~.i:=:::;:::::

Table 4-1: ArrayComm's SDMA ProtoC::~~;:iem Parameters
-:·:::::it~~}.

4.4 Experimental Procedure

Initial experimentation was performed ~~:::Ci.j~itinity of ArrayComm's main offices. The
antenna array was mounted on a portaQll:itt,w8t:"at a height of approximately 3.3 m above
the local terrain. Up to four handsets li:"i::~urrently been employed, each set to the same
frequency channel (channels 3 and/or ~"in iK@"cellular band) at the lowest possible transmit
power level of 8 dBm by the HP892Q4:::<E~hcellular handset is programmed with a foreign
SID so as not to interfere with loc~:::2&l1uiar operations. The SDMA base station transmits
the appropriate SAT tone to k~:::::i~:>channelsactive in the portables at all times during
the test. The initial ranges b~~r~i:lhe SDMA base station and the handsets were kept less
than 200 m. These ranges i~a~scenarios in which the line-of-sight from the phone to the
array was occluded by ~9~.'::~:;'ell as two-story commercial buildings. The initial transmit
powers were less th&I¥.i~:Z~"::lBfu per antenna, ensuring a maximum ERP of -8 dBm.

Signal quality imPtsy'~'ent and range extension were first demonstrated using a single
cellular phone. Th~"Pb.:oH~"was set to 825.24 MHz and its lowest power setting (8 dBm) and
a 20 dB attenuat:9r::::la~ted in the antenna to simulate longer range transmission. Signals
from each of t4~;::¥tfm.nl elements were recorded as a function of range from the base station
as well as th~::qqtpWt of the SDMA processor. From these data, the SDMA processor output
could be cO't:Q:pa:i%d to the output of any individual element or combination thereof. A longer
range t~:'t::::W~:::"a.lso conducted without the 20 dB attenuator by carrying the phone to greater
distanc~:::,c;m the array, including occlusion of line-of-sight by trees and buildings.

Capadly improvement was demonstrated by setting up multiple handsets on the same
channel at the same time, and successfully transmitting signals to and from these mobile
units while they were in motion. While the volumes of data generated by such an experiment
are difficult to include in a report, the video presentation clearly demonstrates this capability.
To further quantify the performance of the system in this regard, a short burst of signals from

6

ArrayComm PROPRIETARY



ArrayComm PROPRIETARY

SECTION 4. PRELIMINARY SOMA EXPERIMENTATION SDMA-EXP-93-001

the antennas were stored in addition to the outputs of the SDMA processor. Subsequent
data analysis was performed to show the e/I improvement possible with SDMA.

To quantify SOMA's directional transmission capability, a single phone was placed on
the air. While keeping the phone stationary, an antenna and RF spectrum analyzer were
used to measure the SOMA base station transmitted power as a function of angle at the
same range and height as the phone. A second phone was added and the ab~lity to selec
tively isolate users from transmissions intended for others on the same channef:'inthe same
cell was demonstrated. This clearly demonstrated the ability of the So~.Aprocessorand
spatial multiplexer to focus energy in particular directions to the exclusioridfpthers. This
is necessary, otherwise the SOMA base station's transmission to that*$et.::wri~ld interfere
with similar transmissions intended for other users on the same freq~ency:~t the same time.

... . ....

4.5 Experimental Results

4.5.1 SDMA Signal Processing Gain .:{

The results of initial SDMA experimentation verify::~~;';:'~~dan improvement in signal
quality approximately equal to the theoretical gain{~pJ9g1~:::M where M is the number of
antenna elements in the array) under ideal conditi9At]~~::!f.hievable in most situations. This
is shown in Figure 4-2 where a mean SOMA pfpceS¥g gain in excess of 9 dB is clearly
manifest.1 For this experiment, a sample ra.,\«~9f\"t!~4::kHz was used, and 512 consecutive
snapshots were collected for the calculation$.iiii:::_· range.

The upper plot shows the signal-to-n:gi'::::::~.os(SNRs) for the indicated outputs; the
lower plot shows the relative improveme_~::.t dB of the SDMA processor output compared
to each of the others. The Mean Single Ela.-ent SNR was computed as the average power
from all eight antenna elements. Thi$.rp~tially accounts for the fact that compared to the
coherent SDMA Output SNR, the iJfi'~p:J~mentcan actually exceed the theoretical value in
the ideal case. The Two-Antenng,;;:;:~r;itySNR is the SNR which would be achieved using
a two-element diversity schem~::iiriita~ to that currently employed at some cell sites in the
AMPS cellular system. Here1·t\~::·riia.ximumsignal strength of the two outer elements 1.26 m
apart is chosen as the refet.,h~··::;:::; .

Oue to the compl~idty':::6f:;;theRF environment in the vicinity of the array (cars, trees,
etc.), sufficient scatt~~.ng ias present to substantially perturb the element output powers
which would otherwi~;thi~e all been equal. Therefore, as noted above, the SOMA pro
cessing gain over.....~~t$iqgle element depends upon the element chosen as a reference. The
Minimum/Mazi.i#..fJ1l!:.. SDMA Gain results from chosing the maximum/minimum single ele
ment output:~·:ti.e~:feference. The Diversity SDMA Gain is that which would be achieved
over the st~d_ two-element diversity system described above. The Mean SDMA Gain is
the SI>.:MA.·iffi,provement over the average power from all eight elements.

A d'im;ristration of the fact that this improvement is available at greater distances and
when th~¢ is no line-of-sight is shown in Figure 4-2 as well. While the first segment (ap
proximately out to 80 m range) is nearly line-of-sight, the second segment involves power
measurements when there was no longer a line-of-sight to the array. In addition to a stand

lSDMA's processing gain is in addition to that provided by a single antenna element which, as a conse
quence perhaps of elevation shaping, could have 10 dBi gain.

7
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SOMA SNR Improvement YeISUS Range

.",

50 ....:,.

40

30

10

OcclUded by buiIding/tnMls .o : , ; .

-10Dllie: 930110···.:· .

R81g8 (metIts)

Daie: 930810

R81g8 (meters)

1rf

SOMA-EXP-93-001

Figure 4-2: SDMA Signal Processing Gain over Conventional Single
Antenna Output - Test 1
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of tall pine trees, there was a large two-story commercial building occluding the line-of-sight.
The results clearly indicate that the theoretical SDMA processing gain can be achieved in
the presence of such occlusions.

A direct consequence of the processing gain achievable with SDMA is range extension.
As is evident in Figure 4-2, at a demodulation threshold of 12 dB, the range of ~~e cell was
approximately doubled in the presence of a severe RF propagation loss factor (1~8). 'While
the output of the mean or diversity receiver drops below 12 dB, which is fqrthepurposes
of this experiment set as the demodulation threshold, approximately 100 m.fI'9m the array,
the output of the SDMA processor is at or above that threshold to n~arfY:/L.9times that
distance. Naturally, the amount of range extension depends on the pt9P~g~tion loss in a
particular RF environment. For example, when the loss factor reqhce§t~2.7, the range
can be more than doubled as is evidenced by choosing an appropri[h~::t~eshold level (e.g.,
35 dB) in Figure 4-2.2 Recall that for these experiments, both.:~t,~n~· were essentially at
ground level which accounts for the more severe propagation .Jp~$::~~¥£·normally experienced
in cellular operations. SDMA processing gain is still eviden.kiir:iRit.~hf these effects however.

The ability to detect and demodulate substantially ..fl¢de~\.$ignals than current single
antenna systems is also demonstrated in Figure 4-3~{~:{t~~~hthe complex baseband out
put of a single element is compared to the complex.~~~bandoutput of the SDMA spatial
demultiplexer. For analog FM signals in the aq~g~';:bf,noise, the corresponding output
would be a perfect circle whose radius is the recJ4yecf';.gnallevel (e.g., in volts). The time
derivative of the angle of the complex signal;;Jj~::i.JI~ to the transmitted voice waveform.
When due to noise, the circle (eye diagram):LfilU:::::~, the voice waveform can no longer be
successfully recovered and the signal is l~t:::;,;:tjl~ly, the output of the conventional single
antenna base station could not be demo~~M,whereas the output of the SDMA processor
was successfully demodulated.":;';"?;)

.:.~:"t::.~~'\::::::::t:".
4.5.2 SDMA Spatial Demultijlt!;ongjInterference Rejection

To quantify SDMA's abilitY:::j~.gt;:;:~tiallY demultiplex and improve multiple waveforms,
signals from four phones at~nM1y distinct angles were placed on the same frequency
channel, and data were cou~tand analyzed. The ability of the SDMA processor to sub
stantially reduce back.lt~:;:#6ise and virtually eliminate cochannel interference is clearly
manifest in Figure 4-ii.. Thtein, received signal power (in dB relative units) is plotted for a
single antenna eleme@Nirta: in the lower plot, for the output of all four (4) SDMA spatial
demultiplexer outp'.~;':t,..

To elucidate,:~#IJ~;,:W:~itude of the signal quality improvement, the phones were sequen
tially turned .Qff":4,J'::·on under program control. During the first four 7 msec intervals, each
of the four..;:.$~S was placed on air individually. Thus, the upper plot clearly shows the
relativ~,,:!~~g~d"powerlevels of each of the four signals individually. The relative powers
vary o~~t:I:S';dB. During the fifth interval, all four phones were transmitting simultaneously.
The faet";:~at the sum of four constant power (amplitude) signals is no longer constant am
plitude is Clearly seen in this interval in the upper plot. For the purposes of ascertaining the

2Such propagation factors are indicative of suburban and rural environments where larger coverage areas
will be required for pes systems to take hold worldwide.
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Figure 4-3: SDMA Spatial Demultiplexer Output SINR Improvement
over Conventional Single Antenna Systems - Test 1
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overall signal-to-noise ratio for each of the signals, the phones were all muted during the last
interval.

In the upper plot, the power from a single element representing the output of a conven
tional base station is shown. When there is only one phone on the air (the first four 7 msec
intervals), clean signals are received (recall AMPS FM signals are constant power waveforms).
The single element SNRs range from 13 dB to 28 dB; the carrier-to-interferencer~tios(ells)
(or signal-to-interference-plus-noise ratios - SINRs) range from -3 dB to -2QdB.During
the interval in which all four phones were transmitting on the same frequencY at the same
time (the fifth interval), cochannel interference prevented successful rec.~ptioriofany of the
signals. The received signal during that interval is no longer has constanfarnplitude. Finally,
the -102 dB relative noise floor in each element is manifest in the last Tirf.sec interval.

In the lower figure, the four outputs of the SDMA spatial denltiltjple*er are overlayed.
Note that the noise floor has decreased by approximately 9 dIJ::tb.,:711i'dB relative as pre
dicted theoretically. Furthermore, as is clear from compar:iqg.:ib...": Qptputs during the fifth
interval with each of the associated outputs in each of t1l,,~:::Jit$kJ6hr intervals, the output
SINRs for each of the demultiplexer outputs exceed th,,~:J~~~ahal input signal SNRs by
9 dB. As predicted, the interference from the other t~~::·:a~ has been removed from each
of the spatial demultiplexer outputs and gain against:::!ij*.9Jgr~~nd noise has been achieved as
well. The maximum processing gain was achieve9ffQr.·th~ signal at 100° (interval 3) where
a -20 dB processor input SINR was increased to:+22·i.8 on output, an increase in excess of
40 dB.

• "::':::'. ::{::
.:{}:t~~\ .:<:::.:.:....

.:::;::" )r/~~~~t::;·

4.5.3 SDMA Spatial MUltiplexingLD~~'onalTransmission

To demonstrate the ability of SDMA::::i"ology to directively transmit to specific users,
several experiments were conducted. :A:::~he first experiment, a single phone was placed on
the air. The unit was tracked by tll.,:::$:p1WA processor, and the signal transmitted from the
base station was focused by the .sPt4.8::spatial multiplexer toward the phone. An antenna
and RF spectrum analyzer wert:!;~~:::t'~ measure the SDMA base station transmitted power
at the associated transmit fr~Hty as a function of angle at the same range and height as
the phone. :Jr:::::\:::::I~:::::::l'

The results are sh9}ftt in,:::Mil! upper plot in Figure 4-5. The transmitted power is clearly
focused in the directip o~mthe mobile unit while the total transmitted power in all other
directions is suppr~fb:~:the minimum possible with the antenna array employed. Note that
the 3 dB width of tbtl;,~n lobe is approximately 14° as predicted by theory for an 8-element
array with A/2 ~~t::!jpacing steered to 0° from broadside. This clearly demonstrates the
ability of the sP~fp'rocessorto direct a specific amount of energy at an intended target and
simultaneo~fy.~~ucethe total amount of RF energy transmitted to the practical minimum.

To .fMtlh.e=::g.einonstrate the ability of SDMA technology to directively transmit to selected
users, t~':phones were placed on the air. The units were tracked by the SDMA processor, and
the sign~l$.transmittedfrom the base station were focused by the SDMA spatial multiplexer
toward the intended phones. Again, an antenna and RF spectrum analyzer were used to
measure the SDMA base station transmitted power at the associated transmit frequency as
a function of angle at the same range and height as the phones. The signal transmitted to
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Figure 4-4: SDMA Signal Quality and Capacity Improvement over
Conventional Single Antenna Systems - Test 1
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Cor1l)8ri&on of Measured and Theoretical SOMA Transmit Directivity
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Tests 1 and 2

13

ArrayComm PROPRIETARY



ArrayComm PROPRIETARV

seCTION 5. SUMMARY AND CONCLUSIONS SDMA-EXP-93-001

the unit at 100° was temporarily muted so that measurements of the directivity pattern of
the signal transmitted to the phone at 80° could be made.

The results are shown in the lower plot in Figure 4-5. The transmitted power is clearly
focused in the direction of the mobile unit at 80° while transmission of that signal toward
the phone at 100° is suppressed, and the total power in all other directions is reduced to the
minimum possible with the antenna array employed. This dearly demonstrat~stheability
of the SDMA processor to direct energy in specified directions to the exclusion. ofothers.
A similar pattern was achieved for transmission to the phone at 100°, thu$demonstrating
simultaneous transmission of different signals on the same frequencychanti~l to users in
different directions. i."

It is important to note that the user at 100° received essentially none 6dh~ RF transmis
sion intended for the unit at 80°. 'While the user at 100° was being·ti~~edby the processor,
it is entirely possible to fix the direction of zero RF transmi~ib~. That is, it is possible
to directively transmit to mobile users while simultaneously,ri6t:::fr9'iiSmitting in particular
known directions so as not to interfere with the operatio~:::9.f:::~~gfsystems attempting to
share the same frequency bands. This is extremely usefq.C·_~6t::,:~:k~ple, in coexisting with
other users in the same frequency band, an importantj.liii~{iA:the current PCS proceedings
before the FCC. Using SDMA technology, it is possim~.::~b substantially reduce the amount
of interference to microwave users without sufferiqg:4..,tgij}exclusion zones.

";:': ....•...
~;~i.f. ':':;:~=):"

5. Summary and Conclusi4;~:;:::::':-:::{:
.::d::)/::::~;:::·-}\}>

In summary, ArrayComm has suc~y conducted initial on-air experiments of its
SDMA technology. While the experim,~J.lts<lnt not involve any new modulation schemes (its
SDMA technology is modulation i~~~ent), substantial increases in spectral efficiency
were achieved through intelligent u.Gir=:antenna arrays. SDMA base station- transmit power
levels were substantially below tJ1~:::HSed in current operational cellular systems during the
initial testing. Standard poI1#.;m~::,.iihits were kept at or near their lowest power settings
and attenuators were used:~::::~i1pulate longer range. The ability to increase coverage area
of SDMA base station~:.:,ty.rl\~·.;p. 'eight-element antenna array) relative to conventional base
stations by a factor of:::ttlr~::l6'four was demonstrated. The ability to increase the capacity
of a cell by a factor oj::(9.:l,lJ.;::~*as also demonstrated; the theoretical maximum is one less than
the number of eleI¥i~~::':::;::'

Experimentak:~teti».ination of achievable SDMA processing gain was performed. Pro
cessing gain in:~GfI~orfo10glO M was demonstrated. In addition, the ability to substantially
improve C/I.:.~ti~§:'Tn interference limited systems such as the current AMPS cellular system
was demori~f.:~t&a. This processing gain provides increased SDMA base station coverage
areas, 19w.~::~~dset powers, and higher data rates in digital transmission systems.

The·~~§.mty to substantially reduce RF pollution resulting from omnidirectional trans
mission at' currently employed in most wireless communication systems in existence today
was demonstrated. Through directional transmission, communication from the SDMA base
station to multiple portable units on the same frequency at the same time was achieved.
This also provides SDMA base stations the ability to selectively isolate particular directions
which are to be kept clear of RF transmissions in a particular frequency band. This allows
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